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Abstract 
The study of the thermodynamics is regarded as being difficult for the majority of university students in Morocco. This difficulty 
is due to the subject it self and also to the fact that students in high school get no idea and have no contact with the concept of 
thermodynamics. This research is to identify the difficult concepts in the chemical thermodynamics. It also aims to find the 
causes to finally improve the teaching methods of this subject. To achieve this goal, we questioned a group of 14 teachers of 
thermodynamics at the university Hassan II, Mohammedia, another questionnaire was addressed to the students of Ben M’sik 
faculty of science belonging to SMPC second semester S2. To test the importance and effect of making experiments, students’ 
level and the number of students in a thermodynamics class, we evaluated two groups of students (belonging to SMPC second 
semester S2) the same way. The first group from Ben M’sik faculty of science with free access while the second consists of 
students in Mohammedia faculty of science and technology with limited access. The result of this work and analysis of the out 
puts have make it clear that we should review and reconsider the content of the lessons that has to be adapted to every activity, 
adopt a deep learning, change the testing system so as to evaluate not only the understanding and memorizing, but also the 
learners capacity to analyze, summarize, solve problems and take decision. Also, it is crucial to form the teachers and provide 
them with the necessary means and facilities to achieve the fixed goad. 
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1. Introduction 
    Many high school and university students experience difficulties with fundamental thermodynamic ideas in 
chemistry (Banerjee 1995). Despite the importance of thermodynamics as the foundation of chemistry, most 
students emerge from introductory courses with only very limited understanding of this subject (Ochs 1996). The 
physical chemistry course, where students tackle more advanced ideas of thermodynamics and kinetics, is perceived 
by many students to be one of their most difficult courses (Thomas 1997). Thermodynamics is a fundamental 
subject in the university level courses especially in engineering and also in chemistry and physics. Thus, it is 
important to probe students’ understanding capabilities in physical chemistry and their problems with grasping and 
applying the principles of thermodynamics to their everyday lives in terms of the development of industry and 
standards of human life. Perhaps the most important point is that the students who are the subject of this study will 
be chemistry teachers when they graduate. Their understanding of the fundamental thermodynamic ideas is crucial 
in terms of educating tomorrow’s generations. A real problem is noticed in the Moroccan university: many youth 
after years of study can’t use what they have learnt in their everyday routine and professional life. This means that 
their students and what they have learnt has been of no use to them or to the development of their countries (the 
phenomenon of the jobless graduated). At the same time there are shortage skilled human resources on the labour 
market. This work has the objective of proposing solutions to ameliorate the teaching and learning of the 
thermodynamics in the university so as to develop students’ capacity to use the supposedly acquired fundamental 
concepts to explain some phenomena and predict others. To exploit their background in other subjects and be able to 
face problems they may come across for a complete and successful integration in the labour market. 
 
2. The methodology of the study and characteristics of the sample of the survey 
 
    The study has first targeted the teachers of the chemical thermodynamics of Hassan II University, Mohammedia. 
We have questioned a group of 14 teachers who answered 8 open Questions divided into three categories: the 
difficulties, the causes of these difficulties and the possible solutions. A second questionnaire was addressed to 200 
students of Ben M’sik science faculty, belonging to SMPC (second semester S2). This questionnaire is made of 20 
questions divided into 4 categories: students’ personal evaluation; the difficulties in thermodynamics; the teaching 
method and finally the amelioration of the understanding of the concepts of the thermodynamics for them. An 
evaluation test in thermodynamics was addressed to a group of students (belonging to SMPC second semester S2 ) 
in Ben M’sik faculty of Science and another group in the faculty of science and technology, Mohammedia. 
3. The results analysis 
    Investigation with teachers: 
¾ Students’ difficulties with the chemical thermodynamics 
The majority of teachers say that the objectives are well defined, 14% of them couldn’t define them. We noticed that 
every one of them has her/his own objectives, while half of them intersect on application of the thermodynamics. 
Moreover, a confusion of the course and its objectives has been noticed. By analyzing the descriptive of the math 
and chemistry stream, we concluded that the targeted competences of the thermodynamics are: first principle of the 
thermodynamics, second principle of the thermodynamics and the application to the chemical reactions. For the pre 
requisite pedagogy relating to this element, we find the module of the general chemistry1 (atomistic chemical bond). 
This means that the objectives and the pre-requisites of this subject are not well defined even in the guide. 
- The difficulties that the majority has faced while teaching the subject are: 
x Difficulties related to the learners: 
x Difficulties related to mastering the basic concepts mathematical deficiency or other. 
x The low level in French. 
x Being frequently absent which signify the inability to catch up. 
x Students lack of interest. 
- Difficulties according to the organized type: 
x A bad planning of directed works hours. 
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x Insufficient hourly volume concerning the thermochemical substance that leads to a lack of understanding 
for the students. 
x A great deal of exercises. 
- Difficulties originally from didactic: 
x The importance of thermodynamic quantities as the variations (independence of the transformation).  
x The superficial knowledge of the laws and the size of the thermodynamics. 
x The lacks of practices at the Ben M’sik faculty of science. 
x The lack of applications of the concepts related to the thermochemistry. 
x The course of the thermochemistry is the same for all disciplines. 
The type of concept the student misunderstand are: the separation of the concepts between the heat and 
temperature; the chemical equilibrium, the entropy, enthalpy, the free enthalpy, the notion of standard state, 
energetic relations, the energy of the formation, the constant volume of heat the chemical potentials, the 
spontaneity, extensive and intensive factors. There are other difficulties to understand certain notions 
thermodynamics abstract as:  
x Evolution of chemical transformation observed at the level of a microscope which is too difficult to 
describe. 
x The size of thermodynamics is variations but not a absolute size. 
x The students are usually familiar with ideal systems. 
x The change of the heat (latent heat) is realized without any change of the temperature. 
The causes of these difficulties: 
x The language of teaching.  
x The luck of the student’ efforts. 
x The loads of the programs of coherence between the subjects. 
x The inadequate presentation of the courses and difficulty of exercises (Complicated exercises). 
x The absence of concrete problems at the end of chapters. 
x The lacuna of elementary math for certain students. 
x The non-specialty for certain teachers to chemical thermodynamics. 
x The lack of materials necessary of the observation and application of the concept. 
     The proposed solution: 
The majority of the teachers interviewed propose a programming of work practices in convenient conditions the 
suggested experience are: 
x The calorimetry that can be interesting to start a course of the thermochemistry. 
x The simple chemical reaction and observation of the heat or heat absorption. 
x The coloration or discoloration of a liquid (water) is a reaction that can be studied in thermodynamics. 
The same goes for changing the method of teaching, most of these teachers find it effective in order to develop the 
learning of the subject and suggest: 
x Deduce the course from the examples. 
x Give concrete example for each step or part of the course. 
x Re-explain some parts of the course in tutorial classes. 
x Program ICT (Information technology and communication for teaching) in the lectures’ session. 
At the same time they have the following recommendation: 
x Increase of number of hours devoted to this course and the tutorial class. 
x Simplify the language used in the course (give details). 
x Provide educational materials discussed between the teachers of the subject. 
x Simplify the fascicule of the course. 
x Avoid redundancy exercises. 
x Use simple language and familiar reactions. 
x Avoid too complicated calculations. 
x Accompany the course handout with exercises of the tutorial class corrected in detail. 
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x Specify the vocabulary and nomenclature of variables ... Review the formulation exercises 
incorporating sub-questions if necessary. 
x Divide the program over the three years of the license cycle, and the two-year of the Master program. 
x Teach science subjects in secondary school in French. 
x Value the subject of translation in secondary school and evaluate students on this subject in the 
regional or national baccalaureate exam. 
x Enhance the students’ participation in the tutorial classes’ sessions in the final grade to motivate them 
to do more effort. 
x Organize continuous training for the teachers who do not master the concepts of discipline to enable 
them to convey correct knowledge. 
x Start the course with a reminder of the essential mathematical tools related to the subject, and possibly 
test students on these reminders’ basis. 
x Adapt the course of thermochemistry each discipline 
Questionnaire to students 
The sample includes: 
- 45.7% of male students and 54.3% of female students.  
- 85.4% of students are enrolled in the first year in college in 2012-2013 school year, 13.5% are enrolled in 2011-
2012 and 3% in 2010-1011. 
x Personal assessment of the student: 
- The language proficiency among students is low, there is a percentage of 12.6% for the ability to take notes, 22.6% 
for understanding f French and 21.8% for writing in French. 
- Concerning the mathematical ability, we find that students can follow a moderately mathematical reasoning 
(46.2%), they, however, find it difficult to use their mathematical knowledge in chemistry or physics (22.2%). 
- These difficulties necessarily influence the ability to understand the course (17.2%) and understand the parts of the 
exercises (21.7%) with an average ability to understand the correction of exercises (44.6%) (Students are used to 
consume the knowledge). 
- The rate of attendance of students is more significant in tutorial classes (71.4%) than the courses (60.3%). Note 
also that 43.5% of students prepare the tutorial classes: 24.5% of students read the chapter corresponding the course, 
22% read the questions of the exercises, 15% try to solve the exercises and 13% do different exercises from those 
proposed. 
- The unpreparedness of tutorial classes, the only attachment to the examples of exercises suggested to tutorial 
classes and the discontinuity in the understanding of the courses caused by absenteeism, demonstrates the lack of 
effort made by the student to search for information and his total dependence on what is being given in courses and 
in tutorial classes. 
x The difficulties of thermodynamics 
 - It raises that 70.9% of students do not know the course objectives, 83.9% ignore the practice of thermodynamics 
interest, 72.3% said that the course is too abstract and 62.6% do not know the necessary prerequisites for 
understanding this subject. 
For lack of clarification of the objectives of the courses, students are asked to guess what is expected from them or 
simply to reduce the storage of learning content. The same is true for the practical interest of the courses; the learner 
is unmotivated to follow this subject. As for the prerequisites, they must be properly defined and communicated to 
students so that they can catch up in time before starting the course. 
- Concerning the difficulties, which students face in thermodynamics, we note in the first place the language of 
instruction (68% of those surveyed), then the program is overloaded, the lack of time of exercises and the teaching 
method in courses and tutorial classes (about 52%) then the problem of the complexity of the concepts themselves, 
the lack the prerequisites and mathematical weaknesses (39%) and finally the lack of time of the course (28%). 
- In addition to the above questions, we asked students to classify some concepts in order of increasing difficulty by 
numbering them from 1 to 10 (1 for the easiest, most difficult 10). After processing of the questionnaires, it appears 
from this classification that spontaneity and entropy are the most difficult concept to assimilate by students, 
followed by irreversible transformation and the standard stat. 
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x The method of teaching 
State infrastructure, teaching materials, staff, schedule… 
This question reflects the conditions in which teaching is not the main problem but it permits us to find out eventual 
problems that should be solved.  
The majority of the students confirm that the premises, equipment, the effective and schedules don’t lead to an 
adequate comprehension.  
Organization of teaching 
- 52,5% of students find that the rhythm of teaching is too rapid, 32,3% find it adaptable and 15,2% find it very 
slow. 
- 52,6% of students think that there is a good relationship between the courses and Directed Works. 
- 72,6% think that teaching of magisterial courses are sufficiently prepared, 63,5% confirm it well organized, 64,9% 
note that it is too easy to be understood, 56,4% affirm its disposal (mates, answers to questions). 
- 41,2% of the students judge that teaching of Directed Work is sufficiently prepared, well organized, 54,1% remark 
that it is totally disposal. 
And finally, 78,5% of students thinks that the method  used to teach the thermochemistry is not motivated. D 
Amelioration of the comprehension of the concepts concerning the teaching of thermochemistry for the students. 
The last point of the questionnaire determines eventual amelioration of teaching thanks to students. The analysis of 
the results shows that the following options contribute to the amelioration of the students’ level; the change of the 
teaching method by another one more active (79,5%), the programming of the work practices courses (67%), 
integration of ICT (64%), the development of practices (59%) integration of activities and exercises inspired from 
the current and daily life, Mathematical notions planified before each course, organization of industrial facts (50%), 
finally augmentation of hourly volume related to this element and the reduction of its content (37%). The analysis of 
the subjects and tests of the thermochemistry and also Directed Work proposed at Ben M’sik faculty of science 
discern that the formative and certified evaluation neglect a good mastery of the concepts of thermochemistry by the 
learner. Comparative test for evaluation between the students from FSB and FS. To test the most valued usage of 
Work Practices, efficiency of students and their level at the beginning in understanding the thermochemistry, we 
suggested two groups of students belonging to SMPC who followed the thermochemistry course at S2 with the same 
test of evaluation, the first group composed of 152 students from the faculty of Science Ben M’Sik (FSB) with free 
access and 45 students from the faculty of Science and technology Mohammedia (FST) with limited access. 
We represent below the comparative results of the test concerning the evaluation of knowledge.  
 
        Table 1:  FSB and FST comparative results the evaluation of knowledge. 
Results of the test of evaluation  FSB Students FST Students 
Note more than 10 marks  
18,42% 
(3.3% have mark ≥ to 
14/20) 
40% 
(24% have mark ≥ to 14/20) 
0 Marks 41,45% 8.9% 
Capacity to write a reaction about combustion and to calculate the 
variation of enthalpy  21% 91.11% 
Capacity to establish the cycle of liaison and calculate the energetic 
liaison  3.95% 35.55% 
 
The results obtained by the students at the test of evaluation show a clear supremacy of FST students which 
visualize the impact of a good understanding thanks to adequate conditions and how FST students assimilate 
perfectly the thermochemistry subject. This result corroborates what is raised before. 
4. Conclusion  
 
    To conclude, it is clear that this study has allowed us to effectively identify the difficulties encountered by the 
students to understand and assimilate the thermochemistry,  
The causes of these difficulties and the suggested actions to avoid these problems should be proposed by four points: 
- Orientate, accompany and support the students, especially during the first year of university, they have a different 
levels, different specialties without professional projects. 
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- To represent perfectly the content of the courses and the directed works which should be adapted to each discipline 
and oriented to an experimental demarche. 
- To adopt active teaching method, activities industrial sorts, and research reports these can assure the student about 
the choice of the discipline that leads the students to have a sense of creativity; 
- Change the system of the given tests bye replacing the classical tests by other objectives that evaluate not only the 
memory and the comprehension but the capacity analysis, synthesis, resolution of problems and how to take a good 
decision. 
- These competences must be defined on the descriptive of spinneret. 
This can be achieved thanks to the presence of a staff of teachers specialized and formed in teaching 
thermochemistry and pedagogy, possess necessary means in precise conditions. To achieve these objectives, assure 
a good insertion of these students in order to participate and to contribute to the evolution of the society concerning 
economy, culture and what is social.  
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